Wood anatomy was examined in 16 species of Meryta (a genus of c . 35 species) and bark anatomy was studied in 12 species. All but two of these taxa form an assemblage corresponding to the Northern Arc clade, one of two major groups identified by a recent molecular phylogenetic study. M. sinclairii and M. tenuifolia (corresponding to the New Zealand/Fiji clade) differ distinctly by having more numerous simple perforation plates, multiseriate rays with few marginal rows, and the absence of sclerified cells in collapsed secondary phloem, a bark feature that has not yet been found elsewhere in Araliaceae. The increase in abundance of simple perforation plates in the wood of these two species is not accompanied by a decrease in the number of bars on scalariform perforation plates. The wood structure of Meryta bears a strong resemblance to members of the Pacific Schefflera clade, sharing similar ranges of variation of several features. Bark characters, such as the diameter of the cortical secretory canals, the types of crystal in cortical cells, the types of axial parenchyma cell in collapsed secondary phloem, and the presence of sheath cells by phloem rays, appear to be of diagnostic value for some species of Meryta .
INTRODUCTION
Meryta J. R. Forst. & G. Forst. comprises about 35 species of monocaulous to well-branched trees and treelets distributed almost exclusively in the South Pacific, with especially high diversity in New Caledonia, where c . 14 species are represented (Smith, 1971; Lowry, 1988 Lowry, , 1989 Lowry, , 1993 Frodin & Govaerts, 2004; Tronchet et al ., 2005; F. Tronchet & P. Lowry, unpubl. data) . The genus is characterized by a dioecious sexual system and simple leaves -a combination of features found nowhere else in Araliaceae. For this reason, Meryta has been recognized in nearly all systems of classification of the family (for example, Harms, 1894-97; Viguier, 1906; Tseng & Hoo, 1982) and in many regional treatments (Viguier, 1925; Smith & Stone, 1968; Cox, 1985; Lowry, 1989) . However, until recently, the relationships within the genus, as well as its position within Araliaceae, were problematical.
Although no formal infrageneric classification of Meryta has ever been proposed, three segregate genera, Botryomeryta , Schizomeryta , and Strobilopanax , were described by Viguier (1906 Viguier ( , 1925 on the basis of characters of their inflorescence structure and fruits. All three genera were recognized by Hutchinson (1967) , who attached particular importance to inflorescence morphology; more recent authors, however, have not upheld these segregates, placing their members in a more broadly circumscribed Meryta (Bernardi, 1979; Cox, 1985; Lowry, 1993; Tronchet et al ., 2005) .
Most species of Meryta are monocaulous to moderately branched trees. Many members of the genus are short in stature, rarely exceeding 8 m in height, whereas Meryta tenuifolia A. C. Sm. from Fiji is a tree up to 25 m in height, and is also distinctive in having widely elliptic leaf blades, which prompted Cox (1985) and Lowry (1988) to suggest that it might occupy an isolated position within the genus. This hypothesis was recently confirmed by a phylogenetic analysis using molecular data (Tronchet et al ., 2005) , which revealed a close relationship between M. tenuifolia and M. sinclairii (Hook. f ) Seem. from New Zealand, together forming a clade sister to the remaining species of Meryta sampled. In this second 'Northern Arc clade', several well-supported subclades were recognized, most notably a 'Volcanic Islands subclade', which comprises all of the non-New Caledonian species plus M. denhamii Seem. from New Caledonia.
Meryta has long been regarded as occupying an isolated position within Araliaceae and, to accommodate the genus, Calestani (1905) , followed by Viguier (1906) , went so far as to establish a separate tribe Meryteae Calest. Harms (1894-97) and later Viguier (1925) suggested a close relationship between Meryta and Schefflera . Several recent phylogenetic studies (Mitchell & Wagstaff, 1997; Plunkett, Soltis & Soltis, 1997) have shown that Meryta is in fact close to Pseudopanax , a genus centred in New Zealand, and that together they are in turn related to other genera from Australia and the Pacific, in particular Arthrophyllum , Reynoldsia , and Tetraplasandra . More recently, Wen et al . (2001) included Meryta within their broad Polyscias-Pseudopanax group, where it forms a clade with members of Schefflera from the South-west Pacific. The same Meryta plus South-west Pacific Schefflera clade was recovered using combined internal transcribed spacer (ITS) and trn L-trn F data and a broader generic sampling (Plunkett, Wen & Lowry, 2004b) , and was further confirmed by Tronchet et al . (2005) with ITS and external transcribed spacer (ETS) data and a substantially expanded representation from within Meryta .
Wood anatomy has been shown to be a useful tool for examining relationships within a variety of araliaceous groups. Several studies have focused on the family as a whole (Rodriguez, 1957; Oskolski, 1996 Oskolski, , 2001 , and on basally branching groups once recognized as tribes Myodocarpeae (Oskolski et al. , 1997) and Mackinlayeae (Oskolski & Lowry, 2000) and now treated, respectively, as a separate family (Myodocarpaceae) and a subfamily (Mackinlayoideae) within Apiaceae (Plunkett et al ., 2004a) . Other wood anatomical studies have examined the large genus Schefflera (Oskolski, 1995) and its representatives in New Caledonia (Oskolski & Lowry, 2001) . Information on the wood anatomy of Meryta , however, remains scanty and is insufficient to formulate any meaningful interpretations about relationships within the genus, or to enable comparison of anatomical features with the phylogenies generated by molecular analyses. To date, published results are available based on only four samples representing just three or four species of Meryta [ M. lanceolata J. R. Forst. & G. Forst. (Oskolski, 1994 , 1996 , M. macrophylla (W. Rich. ex A. Gray) Seem. and M. sinclairii (Rodriguez, 1957) , and Meryta sp. (Metcalfe & Chalk, 1950) ].
The bark anatomy of Araliaceae is very poorly known and only a few studies have been published (Viguier, 1906; Zahur, 1959; Roth, 1981; Kolalite et al ., 2003) . For Meryta , the structure of the cortex and secondary phloem was briefly described in M. coriacea Pancher ex Baill., M. sinclairii , and M. sonchifolia (Linden) Linden & André by Viguier (1906) . Bark structure has, however, been shown to have substantial systematic value in several other woody plant groups, such as Rosaceae (Lotova & Timonin, 2005) . In the present study, which is part of a general investigation of wood anatomy in Araliaceae (Oskolski, 1994 (Oskolski, , 1995 (Oskolski, , 1996 Oskolski, Lowry & Richter, 1997; Oskolski & Lowry, 2000 , 2001 , we survey the wood structure of 18 species of Meryta from New Caledonia, Samoa, Fiji, New Zealand, and the Society Islands, and examine the bark structure of 12 of these species. The results are examined in the light of the systematic relationships within the genus and with closely related genera, as revealed by recent molecular studies.
MATERIAL AND METHODS
The wood samples examined were collected during the last two decades by the authors and several collaborators (Table 1) . A few of the taxa studied are new species that will be published shortly, and one will require a new combination in Meryta . In order to avoid confusion, their names are indicated in quotation marks. Voucher specimens are deposited at LE, MO, NOU, P, and various other institutions. The wood sample of M. sinclairii was obtained from S. Carlquist (Rancho Santa Ana Botanical Garden, Claremont, CA, USA), who collected it from an individual cultivated in Santa Barbara, California. The sample of M. lanceolata (without a herbarium voucher) was obtained from the wood collection of the Forest Commission of New South Wales in Beecroft, Australia (BFCw) and registered in the xylarium of Komarov Botanical Institute (St. Petersburg, Russia) as LEw 17235. The specimens examined were mostly taken from stems with a secondary xylem radius of more than 10 mm, although juvenile samples were studied in a few species. Standard procedures for the study of wood structure were employed to prepare sections and macerations for light microscopic investigations (Carlquist, 1988) . Descriptive terminology and measurements follow Carlquist (1988) (IAWA Committee, 1989) , except that we also recorded the vertical dimension of the diameter of intervessel pits.
Most of the bark samples were collected in New Caledonia from the same plants as the wood samples. Specimens 2-3 cm in length were cut from branch tips without a visible periderm layer and from other stem parts on which the bark was mature, having a more or less thick periderm; the samples were fixed in formalin-acetic acid-alcohol (FAA) (Johansen, 1940) . Dried bark from the wood samples of four species (M. capitata Christoph., M. sinclairii, M. macrophylla, and M. tenuifolia) was fixed in FAA prior to investigation. Transverse, radial, and tangential sections, 15-30 µm thick, were made using a freezing microtome and stained with a 1% aqueous solution of safranin and light blue, and also with a 3% solution of cresyl violet in 3% acetic acid (Permiakov, 1988) . Maceration of secondary phloem was carried out for 24 h in a mixture of equal volumes of acetic acid and hydrogen peroxide at 60 °C or in a nitric acid-chromium dioxide mixture (Johansen, 1940) . Lengths of sieve tube members and sclerified fibres were determined from the macerated material mounted in glycerin (measurements could not be made for M. sinclairii because its dried bark sample was badly decayed).
The terminology used to describe bark structure follows Trockenbrodt (1990) . The parenchyma associated with the axial secretory canals is termed 'sheath parenchyma' after Roth (1981) , whereas the term 'axial phloem parenchyma' is used for the parenchyma associated with the conductive elements (sieve tubes and companion cells). The term 'fibre-like sclereids' is used for elongated sclerified cells, which, when secondarily differentiated, form fusiform axial phloem parenchyma cells. The 'fibre-like sclereids' do not fit the definitions of fibres or sclereids given by Trockenbrodt (1990) .
Twelve variables were selected for the principal components analysis (PCA): radius of wood sample, average length of vessel elements, average length of fibres, maximum number of bars per perforation plate, percentage of simple perforations, average number of vessels per vessel group, percentage of solitary vessels, maximum diameter of vessels, average width of multiseriate rays, average height of multiseriate rays, number of uniseriate rays per millimetre, and number of multiseriate rays per millimetre. The program package STATISTICA 5.0 was used to perform the PCA. (Fig. 1 (Fig. 2) , M. 'pedunculata', M. sinclairii ( Fig. 3) ], or by tangential bands of thin-walled fibres (Fig. 4) ], and also by zones of more numerous vessels Rodriguez (1957) reported that M. macrophylla also has mostly simple perforation plates, but this cannot be confirmed by our data. Scalariform perforation plates with narrow (mostly narrow to vestigial in M. sinclairii and M. tenuifolia; 1, Radius of wood sample/radius of pith (mm); 2, number of bars per perforation plate (minimum-maximum)/simple perforation plates (%); 3, length of vessel elements (average/minimum-maximum, µm); 4, average length of sieve tube members (average/minimum-maximum, µm); 5, vessel frequency per square millimetre; 6, tangential diameter of vessels (average/minimum-maximum, µm); 7, average/greatest number of vessels in a vessel group; 8, solitary vessels (%); 9, average length of libriform fibres (average/minimum-maximum, µm); 10, width of multiseriate rays (average/maximum, cells); 11, average height of multiseriate rays (µm); 12, number of multiseriate rays per millimetre; 13, number of uniseriate rays per millimetre; 14, scores of factor 1; 15, scores of factor 2; 16, scores of factor 3; 17, scores of factor 4. diameter of vessels (average/minimum-maximum, µm); 7, average/greatest number of vessels in a vessel group; 8, solitary vessels (%); 9, average length of libriform fibres (average/minimum-maximum, µm); 10, width of multiseriate rays (average/maximum, cells); 11, average height of multiseriate rays (µm); 12, number of multiseriate rays per millimetre; 13, number of uniseriate rays per millimetre; 14, scores of factor 1; 15, scores of factor 2; 16, scores of factor 3; 17, scores of factor 4. Figures 1-4 . Transections of wood of Meryta. Scale bars, 100 µm. Fig. 1 . M. pachycarpa, growth rings absent, fibres mostly thick-walled. Fig. 2 . M. 'heleneae' [PL4763], growth rings marked by differences in fibre wall thickness between latewood and earlywood. Fig. 3 . M. sinclairii, growth rings indistinctly marked by slight differences in fibre wall thickness between latewood and earlywood (arrow), thin-walled fibres. , scalariform perforation plate with a combination of wide and very fine bars. Fig. 10 . M. sinclairii, reticulate perforation plate and scalariform perforation plate with vestigial bars. Fig. 11 . M. sinclairii, simple and reticulate (arrow) perforation plates. Fig. 12 . M. sinclairii, simple perforation plate with vestigial bar, double simple perforation plate. Septa in libriform fibres (arrows). Fig. 13 . M. tenuifolia, vessel-ray pitting alternate to transitional; pits narrow-bordered. Fig. 14 (Fig, 3) , and M. tenuifolia (Fig. 5) ] to moderately thick-walled and thick-walled [M. coriacea, M. 'heleneae' (Fig. 2) , M. 'koniamboensis' (Fig. 6) , M. 'lecardii', M. macrophylla, and M. pachycarpa ( Fig. 1) ], fibre walls 3-6(−9) µm thick, with few simple to minutely bordered pits, with slit-like apertures in radial walls. Septate fibres numerous in M. denhamii, M. 'pedunculata', M. sinclairii (Fig. 12) ', M. 'lecardii', and M. pachycarpa (Fig. 19) , (Fig. 16) (TABLES 2, 3; An anatomical study of the bark structure was carried out for 14 bark samples representing 12 species of Meryta (Table 1) .
RESULTS WOOD STRUCTURE (TABLE 2; FIGS 1-19) Growth rings (Figs
Epidermis formed by a single layer of isodiametric, rounded, thin-walled cells with multicellular trichomes on the epidermal surface in M. denhamii; no trichomes found in other species.
Periderm of subepidermal origin. Axial parenchyma either nonsclerified in collapsed secondary phloem of M. sinclairii and M. tenuifolia (Fig. 20) or sclerified as in M. schizolaena (Fig. 21) . Axial parenchyma associated with conductive elements mostly fusiform or in strands of 2-7 (Figs 22,  23) . Axial parenchyma cells in collapsed secondary phloem sometimes chambered (Fig. 24) ; these cells transformed into fusiform chambered crystalliferous cells (Fig. 25) , fibre-like sclereids (Fig. 21) , and/or strands consisting of sclerified or chambered crystalliferous cells (Fig. 24) , or of cells of both types (Table 3) 
denhamii).
Axial parenchyma sheaths near axial secretory canals consisting of strands of 2-10 thin-walled cells.
Secondary phloem rays uni-and multiseriate. Multiseriate rays composed of exclusively procumbent body cells or also of upright and square cells forming 1-2(−4) marginal rows in M. capitata [PL738] (Fig. 24) 
, M. sinclairii, and M. tenuifolia (Fig. 23) , or 1-5 [up to 8 in M. coriacea and M. oxylaena (Fig. 22) (Fig. 23)] sheaths. Uniseriate rays composed mostly of square and upright cells. Non-dilated phloem rays 1-5-seriate. Cells of dilated rays enlarged by tangential expansion and also by anticlinal divisions (ray width increasing up to 10-seriate during dilatation).
Radial secretory canals present in rays of all species (Figs 23, 24) Fig. 22 . M. oxylaena, multiseriate rays with numerous (six or more) marginal rows and complete sheaths of square and upright cells. Fig. 23 . M. tenuifolia, dilated multiseriate ray composed of exclusively procumbent body cells; radial secretory canals. Fig. 24 . M. capitata [FT738] , multiseriate rays with few marginal rows of square and upright cells; radial secretory canals; chambered cell of axial parenchyma (white arrow); strand of sclerified axial parenchyma cells (black arrow). Fig. 25 . M. 'lecardii' [PL4678], multiseriate rays with few marginal rows of square and upright cells; strand of chambered crystalliferous cells (white arrow); fusiform chambered crystalliferous cell (black arrow). M. sinclairii, and M. tenuifolia) . Druses and prismatic crystals common in dilated ray cells (not
NUMERICAL ANALYSIS
The loadings of the four factors with the greatest influence in PCA are shown in Table 4 . Together they explain 72.6% of the total variation. The scores of the three most important factors for each of the four groups of Meryta, corresponding to the New Zealand/ Fiji clade, the Volcanic Islands subclade within the Northern Arc clade, M. denhamii, and other New Caledonian taxa, are given in Table 2 . The patterns of within-sample variation of the wood characters and of the environmental variables examined (summarized by the distribution of the scores of factors 1 and 2) are presented in Figure 26 .
The samples form a broad cluster stretching across both axes, except for those of M. sinclairii and M. tenuifolia (New Zealand/Fiji clade), which are completely separated from all others along the axis of factor 1. Within this large cluster, which comprises the members of the Northern Arc clades recognized by Tronchet et al. (2005) , two somewhat overlapping subclusters can be distinguished, each corresponding to a species assemblage identified in the molecular phylogenetic study (Volcanic Islands subclade and other species of Meryta). These subclusters can also be dis- tinguished with some overlap in the projections of sample variation on factors 1 and 3, and on factors 1 and 4 (not presented here).
DISCUSSION
Although Meryta is very well distinguished within Araliaceae by several macromorphological characters, in particular the unique combination of simple leaves and dioecy, we have not found any features of its wood or bark structure that may be considered diagnostic for the genus as a whole. The species included in our sampling share a set of characters that is typical for a number of other Araliaceae, including the presence of scalariform and simple perforation plates, septate fibres, and scanty paratracheal axial parenchyma (Oskolski, 1994 (Oskolski, , 1996 Oskolski & Lowry, 2000 , 2001 Kolalite et al., 2003) . By contrast, the infrageneric pattern of diversity in the wood and bark structure of Meryta is concordant with the results of the molecular phylogenetic study of Tronchet et al. (2005) . In particular, our PCA results revealed groups that correspond closely to several clades identified by the molecular analyses. All but two species of Meryta (M. sinclairii and M. tenuifolia) examined form an assemblage corresponding to the Northern Arc clade identified by Tronchet et al. (2005) . This group, comprising 34 accessions representing 14 species in our sample, is characterized by having few or no simple perforation plates, the presence of multiseriate rays with more numerous (> 3) marginal rows (Kribs' type Heterogeneous I) and with solitary or numerous sheath cells, and the occurrence of sclereids in secondary phloem (Table 4) . As shown by the PCA, these species form a well-delimited cluster within which two nonoverlapping but essentially contiguous subclusters can be recognized. One of these subclusters comprises all of the New Caledonian species of Meryta (except M. denhamii), which share several features (Table 4) , including small vessel lumina (< 80 µm in diameter), moderately thick to thick-walled fibres, rather long vessel elements (average length commonly > 800 µm), and mostly narrow or indistinct borders on pits of the vessel-ray and vessel-axial parenchyma pitting. By contrast, the members of a second subcluster, comprising M. capitata and M. macrophylla from Samoa, M. lanceolata from Society Islands, and M. denhamii from New Caledonia, have wider vessel lumina, shorter vessel elements, thin to moderately thick fibre walls, and the frequent occurrence of a peculiar pattern of vessel-ray and vessel-axial parenchyma pitting (namely a combination of wide-bordered pits and pits with small or indistinct borders on the same parenchyma cell). This second subgroup in the PCA corresponds to the Volcanic Islands subclade within the Northern Arc clade. However, although these distinctions are quantitative, a sharp boundary between these two groups of species cannot be drawn.
Our study did not find any wood or bark features that support a close relationship between the New Caledonian species M. 'heleneae' and M. 'lecardii', as suggested by Tronchet et al. (2005) . The occurrence of calcium oxalate druses in the phelloderm cells appears to be an autapomorphy for another small clade (M. oxylaena + M. 'pedunculata') revealed in the molecular study. Although this result is intriguing, it cannot be regarded as providing reliable support for the monophyly of this subclade because bark structure has been studied for an incomplete sample of species.
The placement of M. 'lecardii' and M. schizolaena by Viguier (1906 Viguier ( , 1925 in the segregate genera Botryomeryta and Schizomeryta, respectively, is not supported by wood or bark anatomical data. As for Viguier's third segregate genus, Strobilopanax, although only one of its species (M. denhamii) was examined, it appears to be most similar to the other New Caledonian Meryta (Fig. 26 , see above) rather than to members of the Northern Arc clade, as suggested in the molecular phylogenetic study.
Meryta balansae, M. 'pedunculata', and M. sonchifolia differ distinctly from the other New Caledonian species by sharing the presence of complete sheaths formed by multiseriate rays (Table 4) . This assemblage does not correspond to any clade recognized to date on the basis of other evidence.
Recent phylogenetic studies based on several molecular markers (Wen et al., 2001; Plunkett et al., 2004b; Tronchet et al., 2005) recognized Meryta as a sister taxon to a group of Schefflera species from the Southwest Pacific. Although the macromorphology of Meryta is very distinct, its wood structure bears a strong resemblance to that of Schefflera species from New Caledonia belonging to the 'Gabriellae', 'Canacoschefflera' and, especially, 'Dizygotheca' groups (Oskolski & Lowry, 2001) . Both Meryta and South-west Pacific Schefflera show similar ranges of variation of wood features between species (perforation plates scalariform with numerous bars to simple, intervessel pitting scalariform to alternate, thin-to thick-walled libriform fibres with or without septae, multiseriate rays with few to numerous marginal rows of square and upright cells, etc.). The wood anatomical data for both of these groups are thus consistent with the idea that they are sister to one another. No wood feature, however, appears to represent an autapomorphy for Meryta with respect to South-west Pacific Schefflera or any other members of the Polyscias-Pseudopanax group (sensu Plunkett et al., 2004b) .
Meryta sinclairii from New Zealand and M. tenuifolia from Fiji differ distinctly from other members of the genus by having more numerous sim-ple perforation plates, multiseriate rays with few (1-3) marginal rows (Kribs' Heterogeneous IIb type) and without sheaths, and the absence of sclerified cells in collapsed secondary phloem. Moreover, these two species are characterized by shorter vessel elements, wider vessel lumina, and more numerous septate fibres than most other taxa. Meryta sinclairii and M. tenuifolia form a well-delimited group in the PCA, which corresponds to the New Zealand/Fiji clade identified by Tronchet et al. (2005) . Distinctive features of these two species, such as numerous simple perforation plates and a lack of sclereids in secondary phloem, were not observed in the South-west Pacific Schefflera species (Oskolski & Lowry, 2001 ; E. L. Kotina & A. A. Oskolski, unpubl. data) . Thus, it would be most parsimonious to interpret these character states as derived (i.e. autapomorphic) for the New Zealand/Fiji clade rather than as ancestral within Meryta.
The increase in abundance of simple perforation plates in the wood of M. sinclairii and M. tenuifolia is not accompanied by a corresponding decrease in the number of bars on scalariform perforation plates (Fig. 15 ). This transformation of perforation plate types in the New Zealand/Fiji subclade does not seem to be irreversible, because no morphogenetic constraints appear to limit the secondary increase in the scalariform perforation plate percentages. If this is correct, it would represent an exception to a general trend from scalariform perforation plates to simple ones (Frost, 1930) . As Baas & Wheeler (1996) and Herendeen, Wheeler & Baas (1999) have shown, exceptions to this trend occur within many clades, although their causes remain poorly understood.
Many anatomical features of the cortex, secondary phloem, and periderm of Meryta (such as the presence of axial secretory canals embedded in sheaths of axial parenchyma and arranged in a tangential pattern in secondary phloem, absence of true fibres in secondary phloem, etc.) also occur in other Araliaceae (Zahur, 1959; Roth, 1981; Kolalite et al., 2003) . However, the collapsed secondary phloem of M. sinclairii and M. tenuifolia that is devoid of sclereids has not yet been found elsewhere in the family. This character state thus also appears to be autapomorphic for the New Zealand/Fiji subclade, providing a bark feature of clear phylogenetic importance. Certain characters, such as the diameter of the axial secretory canals in the cortex, the presence and type of crystals in parenchymatous cells, the modes of transformation of the axial parenchyma cells in collapsed secondary phloem (Table 3) , and the presence of sheath cells by multiseriate secondary phloem rays, appear to be diagnostic for some species. For example, M. 'heleneae' differs from the other species examined by the absence of crystals in its phelloderm, cortical parenchyma, and axial parenchyma of collapsed secondary phloem. Similarly, M. 'lecardii' is distinguished by the very small diameter of its axial secretory canals in the cortex.
Because of sampling limitations, the available data on bark diversity are insufficient to formulate phylogenetic interpretations. The present study is intended, however, as an initial part of a general survey of bark anatomy throughout Araliaceae. Further studies of other araliaceous taxa will examine the results of the present work in a broader context in an attempt to clarify the pathways of bark evolution within the family and distinguish bark characters of phylogenetic importance.
